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Use of Data Communications Equipment Interface Leads 
to Signal Half-Duplex or Full-Duplex Operation 

Abstract 

The Electronic Industry Association (EI A) RS-232 interface 
5 signals are manipulated to additionally convey operating mode information 
from a piece of data communications equipment (DCE) to its respective 

data terminal equipment (DTE). In particular/ in est abM 

connection, the data communications equipment may transmit information 
in either half-duplex mode or full-duplex mode. In order to convey which 
10 mode of transmission is being used v the data communications equipment : ; . 
manipulates the EIA RS-232 interface signals to provide a notification 

^ signal, which is rep^ 

equipment. As a result of receiving this notification signal, the data 
terminal equipment can then switch to the same mode of operation. . 
V 15 (FIG. 1) ; - " : : -^-r-^^ : v 



Use of Data Communications Equipment Interface Leads 
to Signal Half-Duplex or Full-Duplex Operation 
Background of the Invention 

The present invention relates to data communications equipment 
5 and data terminal equipment. In particular, this invention relates to the 
use of the interface between the data communications equipment and the 
data terminal equipment. 

Currently, there are a number of communications. networks that 

are built around the 208B type of data communications equipment, or 
10 modem, which transfers da 

transmission speed of 4800 bits per second (sec). One example of such a . 
communications network is the Electronic Data Interchange (EDI) network, 
which may be used by a business to distribute billing. and inventory to its 

various locations. In addition, some states provide a h 

15 communications network to allow insurance carriers to gain access to a 
state's division of motor vehicles data base to get information on licensed 

, drivers within a state.. 

However, the 208B type of modem has been around for a long 
time and in comparison to a state-of-the-art modem, like the V.32 moidem, 
20 it has a lower data throughput. For example, the V.32 modem can transfer 
. data via a full-duplex signaling scheme and has a transmission speed of 9600 
bits per second. Unfortunately; a V.32 type of modem will-not connect. to a 
208B modem. As a result, customer's who have networks comprising 208B 
modems can only upgrade to a V.32 type of modem by changing out their 
25 entire network of modems — at a large cost. 

There have been some attempts in the prior art to deal with 
communications. networks comprising different types of modems. One 
manufacturer sells a modem that can provide either a 208B mode of 
operation or a V.32 mode of operation. However, the particular mode of 
.30 .operation of this modem is determined by the adjustment of a hardware, 
strap. In other words, the customer must physically access the modem and 
change a switch setting on the modem. Consequently, this requires that the 
mode of operation must be determined before even attempting to establish 
a connection to another modem. Therefore, the customer must know ahead 
35 of time the identity of the other modem, i.e„" whether it is a 208B type of 
modem or a ,V.32 type of modem. While this may be feasible for originating 



a data call to another modem, this may not be a practical for answering a 
data call from another modem. 

The co-pending commonly assigned United States application of 
R.E.. Scott entitled "Half-Duplex or Full-Duplex Autpmpde Operation for 

5 Use in Data Communications Equipment," Serial No. 07/978536, filed on 
November 17, 1992, which is hereby incorporated by reference, discloses a 

.. technique for overcoming the requirement of.having.to manually, set. the. : . : 

data communications equipment to either a half-duplex mode or a full- 
duplex mode of operation. Specifically, the Scott patent application teaches 

10 the notion of automatically switching between either a 208B, i.e., half- 
duplex, mode or a V.32, Le., full-duplex, mode of operation within the data 
communications equipment. 

Unfortunately, even if the data communications equipment 

automatically switches between a full-duplex mode or a half-duplex mode of: 

15 operation, its respective data terminal equipment cannot automatically ■ - 
switch between these modes. In other words, irrespective of the data 
communications equipment mode of operation, the data terminal equipment 
must be manually configured to either a half-duplex mode or a full-duplex 
mode of operation. For example, if both the data communications 

20 equipment and the data terminal. equipment are set for half-duplex ., 
operation and then the data communications equipment automatically 
switches to full-duplex operation, the data terminal equipment is still left 
operating in a half-duplex mode. In other words, the data terminal 
equipment is no longer synchronized to the operating mode of the data • 

25 communications equipment. Consequently, the respective user of the data 
terminal equipment is not receiving the full benefit of full-duplex operation, 
which can provide two times the data throughput of half-duplex operation. 
Summary of the Invention 

As noted above, if a data communications equipment is capable 

30 of automatically selecting a number of different modes of operation, there is 

no ability to synchronize its respective data terminal equipment to the 
selected operating mode. Therefore, and in accordance with the principles 

.. . of the invention, a notification technique is used by the data 

communications equipment to signal the data terminal equipment as to the 

35 selected mode of operation. This allows the respective data terminal 
equipment to then switch to the data communications equipment selected 



mode- of operation. ■ 

In an embodiment of the invention, a modem manipulates the 
Electronic Industry Association (EIA) RS-232 signals to additionally convey ; 
operating mode information from the modem to its respective data terminal 
5 equipment. In particular, in establishing a data connection, the modem 
automatically selects either a half-duplex mode of operation or afuU-duplex 

mode of operation. The mpdem then manipulates signals data-set-ready 

and clear-to-send of the EIA RS-232 interchange in such a manner as to 
convey whether the half-duplex mode or the full-duplex mode of operation 
10 was selected. As a result of receiving this signal,..the data : .terminal : : . .. 

equipment can then. switch to the same mode of opem 

Brief Description of the Drawing 

FIG. 1 is a block diagram of a modem embodying the principles ; 
of the invention; and 
15 fig! 2 is a flow diagram, of a method embodying the principles of 

the invention used in the . modem of FIG.. 1. 

Detailed Description 

FIG. 1 shows a modem that embodies the inventive concept, the 
individual components of which are well-known and are not described in 
20 detail As shown, modem 100 is connected to telephone network 200, via 
telephone line 101. Similarly, modem 300 is connected to telephone network 
200 via telephone line 301. The PSTN, or communications channel, is ■ . .. • 

represented by telephone lines 101 and 301, and telephone network 200 / . : 

Telephone lines 101 and 301 are representative of typical "tip/ ring," or local 
25 loop r access provided by telephone network 200. Either modem 100 or 
modem 300 can place a telephone call to another modem by going "off- 
hook" and following standard dialing procedures. 

Modem 100 comprises CPU 110, memory 120, program memory 
125, digital signal processor (DSP) 130, hybrid circuit 140, relay bypass 
30 circuit 150, off-hook relay 160, and data terminal equipment interface 170. , : 
CPU 110 is a microprocessor-based central processing unit which operates . 
on, or executes, program data stored in prdgnim memory 125, via path 113, " : " 
. as represented by blocks 605 to 665 (discussed below).* fjpff^,^^P^y_ 
125 is a read only memory (ROM) while memory 120 is a random access 
35 memory (RAM). The latter comprises a number of representative storage 
locations, of which a subset is shown . in FIG. 1. It is assumed that memory 



120 stores at least the following data: operating mode list 121, which 
includes data that is representative of a number of operating modes;, and .. 
current mode 124, which stores the current operating mode of modem 100. 
In addition, for simplicity, it is assumed that hybrid 140 is not only a 2-to-4 
5 wire converter but alsO:includes other well-known processing circuitry like 
analog-to digital converters and digital-to-analog converters for processing 
an incoming or outgoing signal, respectively. 

Both modems 100 and 300 are connected to data terminal 
equipment DTE 50 and DTE 450 via interfaces 51 and 451, respectively. 
10 Both of these interfaces represent a collection of signals as specified in 
Electronic Industry Association (EIA) standard RS-232, which is a standard 

for interconnecting data terminal equipment to ; data . communication 

equipment, e.g., DTE 50 to modem 100. A subset of these signals is shown 
within interface 51. In addition, as is shown in FIG. 1, DTE 50 comprises 
15 terminal CPU 70 and data communications interface 60. . 

In the following example, it is assumed that modem 300 is the 

originating modem and places a telephone caU to modem 100 through 

telephone network 200. For the purposes of this example, it is assumed that 

modem 100 operates in accordance with teachings of the above-mentioned 

20 co-pending Scott patent application and that there are two operating 
modes: a half-duplex mode and a full-duplex mode. 

Modem 100 receives a "ringing signal," on telephone line 101, 
from telephone network 200. This ringing signal represents the incoming 
telephone call from modem 300. Both off-hook relay 160 and relay bypass 
25 circuit 150 receive this ringing signal. Initially, off-hook relay 160, under 
the control of CPU- 110 via off-hook relay control lead-112; blocks this \ 
in coming signal from hybrid circuit 140. In actuality, off-hook relay 160 

controls the line impedance that. is seen by telephone network 200. This 

line impedance, as is known in the art, provides an in dicat ion to telephone 
30 network 200 as to whether or not the called party, in this case modem 100, 
has answered the telephone call. In other words, initially modem .100. is in 
the "on-hook" state, that is, modem 100 has not yet answered the telephone 
call — with the result that telephone network 200 continues t^ 
ringing signal on telephone line 101. Notwithstanding the fact that off-hook 
35 relay 160 blocks this ringing signal to hybrid 140, relay bypass circuit 150 

provides the ringing signal to hybrid 140 via lead 151. Hybrid 140 provides 




the ringing signal on received signal lead 141 to DSP 130, which detects the 
ringing signal and provides to CPU 110, via DSP status information path 
131, information that represents a ringing signal is being received. 

A representative method for processing the incoming telephone 

5 call-in modem 100 in accordance with the : principles of the invention is 

shown in FIG. 2. In the following, it is assumed that the states of an EIA 
signal — OFF and ON — conform to the respective voltage levels defined in 
the above-mentioned standard, EIA RS-232. Initially, CPU 110 sets EIA . 
RS-232 signals data-set -ready (DSR) and clear-to-send (CTS), of interface 
10 51, "OFF" in step 600 of FIG. 2. Then in step 605, CPU 110 answers the 

incoming telephone call by activating ofMiook. relay 160, viaoff-hook. relay 

control lead 112, thereby signaling an w off-hook" condition to telephone 
network 200 that modem 100 has answered the 'telephone '■call"' "In" addition ;''""'*. : 
in step 610, CPU 110 sends information to DSP 130, via control information 
15 path 111, to begin the data call establishment process, e.g., to initiates the 
call establishment sequence disclosed in the co-pending Scott application. 
In particular, during this call establishment, process, CPU 110 determines if : 
the remote modem, Le. f modem 300, supports a half-duplex mode of 
operation or a full-duplex mode of operation. Once CPU 110 determines 
20 which operating mode modem 300 supports, CPU 110 automatically 

switches to that operating mode in step 615 and stores data representative 
of the selected operating mode in the variable represented by memory 
location current mode 124. At this point, CPU 110 completes the call 
establishment process that includes modem handshaking and training to 
25 establish the data connection with modem 300 with the appropriate 

modulation in step 620. With the establishment of the data connection to - - - 
modem 300, controller 110 switches signal DSR of interface 51 to the ON 
state via a signal on path 114. 

After the selection of the operating mode, and in accordance 

. ..30 with the invention, the EIA IIS : 232 sign al lead s are used b y t he DCE 

equipment, Le., modem 100, to notify the DTE equipment whether or not 
modem 100 is using a half-duplex mode or a full-duplex mode of operation; 
This allows a DTE to.automatically switch from a half-duplex mode to a 
full-duplex mode, or vice versa, and thereby maintain synchronization with 
35 its DCE. After establishing the data connection, CPU 110, in step 625, 
branches to two different sequences of processing steps depending on the 
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value of the data stored in the memory location represented by current 
mode 124. 

If the value of current mode 124 represents a half-duplex mode 
of operation, then in step 650 CPU 110 tests the request-to-sen d (RTS) 
5 signal of interface 5 i that is provided by DTE .50 whenever DTE 50 wants 

to provide data to modem 100. If RTS is OW, then, in step 655, CPU 110 

switches CTS ON and line-signal-detect (LSD) OFF, and accepts data from 
DTE 50, via t h e t ran sm it -d a t a CT xD) lead of in t erf ace 51 , for tran sm ission 
to modem 300. At this point, CPU 110 goes back to step. 650. to continue, to 

10 test the RTS signal of interface 51. When RTS is in step 660, 

CPU 110 switches CTS OFF and determines if there is data to provide DTE 
50 in step 665, Le., data received from modem 300. If there is data to 
provide to DTE 50 via the receive data (RxD) lead of interface 51, then CPU 
■ 110 switches the LSD signal of interface 5 L to 

i5. DTE 50 in step 670. However, if there is no data to provide to DTE 50, 

then CPU 110 switches LSD OFF in step 675 and returns to step 650 to 
continue to test the RTS signal from DTE 50. As a result from the above, it 
can be observed that when modem 100 is in half-duplex mode, it 
man ipulat es the CTS sign al to follow the RTS i sign al of DTE 50, 
20 Consequently, terminal CPU 70 of DTE 50 detects the half-duplex mode of 
modem 100 via data communications interface 60, which provides the 
signals from interface 51. 

On the other hand, if modem 100 supports a full-duplex mode of 
operation, then in step 640, modem 100 switches and maintains CTS ON 
25 irrespective of the RTS signal from DTE 50. As a result, terminal CPU 70 

of DTE 50 detects that modem 100 is in a full-duplex operating mode 

because CTS is ON, yet RTS is OFF as provided by data communications 
interface 60. T h is allows DT E 50 to take advantage of the possible increases 

in data throughput from a full-duplex data, connection , by . similarly 

30 switching to a full-duplex mode of operation. 

From the above description, it can be seen that the method of ; 
FIG. 2 similarly applies when m odem 100 is originatin g a data call to 
modem 300 except for the substitution in step 605 for an origination 
sequence wUh a corresponding change in call establishment process 
. 35 performed in. step 610. 




The foregoing merely illustrates the principles of the invention 
and it will thus be appreciated that those skilled in the W will be able to 
devise numerous alternative arrangements which^ although not explicitly 
described herein, embody the principles of the invention and are within its 
5 spirit and scope. For example, rather than notifying the data terminal 

equipment via a standard interchange circuit, the data communications 

equipment can be coupled directly to an internal data bus of its respective 
data terminal equipment. 
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Claims:. 

1. A method for use in data communications equipment 

comprising the steps of: 

establishing a data connection from the. data communications 

equipment to a remote data communications equipment; . r 

selecting in the data communications equipment either a half- 
duplex mode or a full duplex mode- for communicating . information to, and 
receiving information from, the remote data communications equipment; 
and 

providing a notification from the data communications 
equipment to the data terminal equipment, which is coupled to the data 
communications equipment, of the selected mode / 



2. The method of claim 1 wherein the notifying step includes the 

steps of: 

15 providing a signal representative of data-set-ready to the data 

terminal equipment, where the data-set -ready signal is in the ON state, 
which is representative that said data connection h as been established; and 
V providing a ciear-to-send signal to the data terminal equipment 
t h at d iff er s as a function of t h e selected mode. 



20 



3. The method of claim 2 wherein the step of providing the 
clear-to-send signal a) manipulates the clear-to-send signal to follow a signal 
representative of request to send that is provided by the -data terminal 
equipment to the data communications equipment when said selected mode 
is half-duplex and t) : main tains the clear-to-send signal in the ON state 

25 irrespective of the request, to send signal when said selected mode is fuH- 

duplex 

4.. A method for use in transmitting information between two 

endpoints, where one of the two endpoints comprises data communications 
equipment that is coupled to data terminal equipment . the method 

30 comprising the steps of: 

defining in the data communications equipment a half-duplex 
mode of operation and a full-duplex mode of operation each operating mode 
affecting the communication of information to the other endpoin t; 



establishing a data connection from the data communications 
equipment to the other endpoint; 

switching in the data communications equipment to one of the 
... operating modes; ■;. r 

5 providing a notification to the data terminal equipment of the 

one of the operating modes; 

: .. receiving said notification : in the data term^ 

one of the operating modes; and 

switching to the one of the operating modes in the data terminal 

'10' -equipment, 



5. The method of claim 4 wherein the prcmdihg the notification 

step includes the steps of: ..: 

providing a signal representative of data-set-ready to the data 
terminal equipment, where the data-set-ready signal is in the 0// state, 
15 which is representative that said data connection has been established; and 
providing a clear-to-send signal to the data terminal equipment 
as a function of the operating modes. 

6. The method of claim 5 wherein the step of providing the 

. clear-to-send signal a) manipulates the clear-to-send signal to follow a signal 
20 representative of request to send that is provided by the data terminal 
equipment to the data communications equipment when said operating 
mode is half-duplex and b) maintains. the clear-to-send signal in the 
state irrespective of the request to send signal when said operating mode is 
full-duplex - ' 



25 7. Apparatus for use in data communications equipment 



comprising: 

means for operating in a.half-dup^ 

mode 



means for receiving a signal from the remote data 

30 communications equipment, said signal indicative of one of the operating 
modes; and 




means responsive to the received signal for a) switching to the 
one of the operating modes and b) providing a notification signal ' 

4 representative of the one of the operating. modes to. a. data terminal 
equipment. 

5 8. The apparatus of claim 7 wherein the notification signal 
includes a data-set-ready signal, where the data-set-ready signal is in the 
ON state/which i5 representative that a data connection has been 
established to the remote data communications equipment, and. a clear-to- . 
send signal, whose operating state is a function of the one of the operating 

10 modes. 

9. The apparatus of claim 8 wherein the means responsive to the 
received signal a) manipulates the clear-to-send signal to follovv a signal 

representative of request to send that is provided by the data terminal. . 

equipment to the data communications equipment when said one of the 
15 operating modes is half-duplex and b) maintains the clear-to-send signal in 

the ON state irrespective of the request to send signal when said one of the 

operating modes is full-duplex 

10. Modem apparatus for use in a data connection, the modem 
apparatus comprising: 

20 a first port for terminating one end of the data connection; 

a second port that is coupled to a data terminal by a data 
interchange circuit, which comprises a number of signals; 

. memory means to store information that is representative of a 

half-duplex mode of operation and a full-duplex mode of operation; 
25 means for selecting one of the operating modes for: 

communicating on the data connection, where the selection is a function of 

the other endpoint of the data connection; and ' 

means for manipulating at least one of the number of signals of 
the data interchange circuit in such a way that the at least one of the 
30 number of signals is representative of the selected operating mode whereby 
the data terminal equipment receives notification of the selected one of the 
number of operating modes. . , 
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11. The apparatus of claim 10 wherein the means for 

manipulating a) manipulates a clear -to-send signal to follow a signal 
representative of request to send that is provided by the data terminal 
equipment to the. data. communications equipment, when said selected. mode 
is half-duplex and b) maintains the clear-to^send signal in the ON state 
irrespective of the request to send signal when said selected mode is full- 
duplex. ? ; .......v.- 
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